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ABSTRACT: Fully-controlled press-pack devices are the core
components of large-capacity power electronic equipment for
power conversion, mainly including thyristor-like devices such
as integrated gate commutated thyristor (IGCT), and
transistor-like devices such as insulated gate bipolar transistor
(IGBT) and injection enhanced gate transistor (IEGT). This
paper firstly introduced and compared chip structures and
manufacturing processes of IGCT and IGBT (including IEGT).
Then, the working principles and packaging structures of IGCT
and IGBT (including IEGT) were analyzed and compared.
After that, the of different

fully-controlled devices  were

working  characteristics

press-pack analyzed
systematically from nine aspects including working frequency,
turn-off capability, dynamic tolerance, device capacity,
operating loss, gate driver power, housing package explosion
proof, short circuit failure mode (SCFM), and device reliability.
Finally, the application status and application forecast of
fully-controlled press-pack devices were summarized and

prospected.

KEY WORDS: press-pack device; insulated gate bipolar
transistor (IGBT); injection enhanced gate transistor (IEGT);
integrated gate commutated thyristor (IGCT); DC power grids;

large-capacity power electronics
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Fig.3 Comparison of the horizontal cell structures in
IGBT and IGCT chips
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Table 1 Comparison of structures and manufacturing
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Fig. 10 Comparison of housing packages’ explosion proof

under the extreme faulty surge current
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Fig. 11 Comparison of the chips in devices with local

failure areas before and after the short circuit tests
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Table 3 Comparison of different power devices’ explosion

proof and short circuit failure characteristics
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Large-capacity fully-controlled press-pack devices
are the core components of large-capacity power
electronic equipment for power conversion, mainly
including thyristor-like devices such as integrated gate
commutated thyristor (IGCT), and transistor-like devices
such as insulated gate bipolar transistor (IGBT) and
injection enhanced gate transistor (IEGT). Fig. 1
compares the three kinds of commercial large-capacity

fully-controlled press-pack devices’ pictures.

(a) StakPak IGBT (b) IEGT (c) IGCT-Plus

Fig. 1 Comparison of commercial large-capacity fully-controlled
press-pack devices’ pictures

With the development of DC power grid technology

and engineering, the application of large-capacity

fully-controlled press-pack devices has become more

and more extensive. However, existing literatures lack

the

fully-controlled press-pack devices on the chip structure,

systematic comparison of these large-capacity

the working principle and packaging form, as well as the
working characteristics and application differences in
different scenes.

This paper firstly introduces and compares chip
structures and manufacturing processes of IGCT and
IGBT (including IEGT). Then, the working principles
and packaging structures of IGCT and IGBT (including
IEGT) are analyzed and compared. After that, the
working characteristics of different fully-controlled
press-pack devices are analyzed systematically from nine
aspects including working frequency, turn-off capability,
dynamic tolerance, device capacity, operating loss, gate

driver power, housing package explosion proof, short

S13

circuit failure mode (SCFM), and device reliability.
Finally, the application status and application forecast of
fully-controlled press-pack devices are summarized and
prospected.

IGBT and IGCT’s structures and characteristics are
summarized in Table 1. In general, for the low-frequency
and large-capacity applications such as the modular
multilevel converter (MMC), IGCT’s defects like low
operating frequency and high gate driver power are
avoided. Meanwhile, its advantages such as low loss,
low cost, large capacity, and excellent safety can be fully
utilized, which shows IGCT’s broad application
prospects.

Table 1 IGBT and IGCT’s structures and characteristics

Device type IGBT IGCT

Chip structure Small-size; complex cell Whole-wafer; simple cell

Complicated multi-chip Simple and reliable
Package structure

paralleled package whole-wafer package

Production cost High Low

Working frequency  High; above kilohertz Low; hundreds of hertz

Turn-off capability Strong ordinary

di/dt can be controlled by  di/dt is controlled by the

Dynamic tolerance the gate driver; dv/d¢is  loop inductance; dv/dt is

high under black start high under black start

High turn-on and

conduction loss; high Low turn-on and

Operating loss  turn-off loss for the type conduction loss; high

with low-frequency turn-off loss
optimization
High; reduced under
Gate driver power Low

low-frequency scenes

Difficult for the capacity
Less difficulty in the
Device capacity  increase (especially the
capacity increase

conducting current)

Weak explosion proof and
Strong explosion proof and
unstable short circuit

failure mode (SCFM)

Safety
stable SCFM




